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Human Genome Project
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Outline

I.  Fundamentals of Genome Mapping & Sequencing

Il. Mapping & Sequencing in the Human Genome Project

lll. Comparative Sequencing

IV. New Frontiers in Genomics
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Genome Sizes

Human Genome
Mouse Genome

~3,000,000,000 bp

Fruit Fly Genome [m]
~160,000,000 bp
Nematode Genome m
~100,000,000 bp
Yeast Genome U
~15,000,000 bp
E. coli Genome ﬂ
~5,000,000 bp

The Human Cytogenetlc Map
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Clone-Based Physical Mapping
I [ ] [ [ ,Chromosome
\ = <
Y i ~ , Clones
y N
B .
- -_ Contigs
| u
Genome Sizes Cloning Capacity
Human I
~3,000,000,000 bp ~1,000,000 bp
Fruit Fly i BAC D
~160,000,000 bp ~100,000 bp
Nematode _
~100,000,000 bp Cosmid o
~45,000 bp
Yeast —
- Bacteriophage
15,000,000 bp 25,000 bp
E. coli
~5,000,000 bp
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Genome
(~3000 Mb)

Chromosome
(~130 Mb)

GATCGTCTAGAATCTC GATCGTCTAGRATCTC

6| of of 6| of of cacarcrereacacre GAGATCTCTGAGAGTC

q| ¢f of ¢ ¢f of creceanacrererea GTGGGARACTGTGTGA

o o o o ™ 7{ TereacracccacacT TGTGACTAGCCACAGT

o o o o ™ 7{ TeTeacTAGcCACAGT TAGGTATTGGGGCATT

™ T Ty Ty T{ T{ TACGTGTGAGAGATGT TACGTGTGAGAGATGT

a{ a] 2] af a] & arcarecaccreacce ATGATGCACCTGACCC

of of of of of of cearrrcactercaac GGETTTCACTCTCAAC

6| of of | of of cactcacrccacerca (~0 5 1 0 Mb) GACTCACTCCACCTCA (~0 1 0 2 Mb)

- -

of of of of cf cf ccacrracacaracar . . CCGGTTAGACATACAT . .
GAGGCCCACCGCCGCT GAGGCCCACCGCCCT

6| of of 6] 6| of cracacerecaceace GTGCACGTCCACCACC

equence-Ready BAC Contig Map
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DNA Sequencing

History of DNA Sequencing

Miescher: Discovers DNA

Avery: Proposes DNA as ‘Genetic Material’
Efficiency
(bp/personlyear) Watson & Crick: Double Helix Structure of DNA

Holley: Sequences Yeast tRNAAI

Wu: Sequences [€]} Cohesive End DNA

Sanger: Dideoxy Chain Termination
Gilbert: Chemical Degradation

Messing: M13 Cloning

Hood et al.: Partial Automation

« Cycle Sequencing
« Improved Sequencing Enzymes
« Improved Flu D i
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DNA Tagged with Radioactivity
G A T C
_ = G: G Reaction
— A: A Reaction
I — T: T Reaction
— - C: C Reaction

Analyzing Fluorescent DNA Sequencing Data

AGTACTGGGATC

Computer /\ (\

Analysis
—
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Fluorescent DNA Sequencing Results

*OGGOC™ GTGNGSGCFW TGCL'DGC‘GSTCYSCPCF‘G%}S OG- +GHI0066 T TG TOMG “GTGT GIT TIGCTGE TG -+ 0GCT +C+ -GG-C»GTG{.TOCI"ICK_‘&CI

120 120 ] 150 160 170 180 ] 200 210 220

[FTGT A GCHC R 10 SO A O CT *CCTGCT 266 TG G G+ G T TTCORGT 16T Q™ “GG -G GHTTC G+ *GGGTCT TIGG ™ GCT TTOGT - 03GT6 GGk
240 250 == 2170 280 290 2o 310 £ 330 340 350

TG GOCHTCHT T- X T3 T-T ~TT*GEGGETT *QaC “TTTAXT TT TG TTTT T **GTTGGGC+T T+ GaCT TeGTG TG TTCT TICT-T TCT *C+:CTTG - TCTT *G0C 5+ Ga0C -+
360 370 zz2 390 400 110 420 430 440 450 460

|GG TGTGI TCTTICT =TT~ I C-TTGE0CTIGAGGTT *GG+GT To TG GG++T TICTGT GIG-TEEGCT G *CTOM C++C+T *0C *CCTC *+TCTCTT TG @ CTGIOC “TCCT= -+ |
8o 490 ] 510 520 530 540 550 =] 570 580 590

o e e et oo L

Analysis of Gene Expression

* ESTs: Expressed-Sequence Tags

* SAGE: Serial Analysis of Gene Expression

* Full-Insert (Full-Length) cDNA Sequencing

mgc.nci.nih.gov
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Genome Sequencing

Shotgun Sequencing

Subclone Construction

BAC DNA

l Prepare Multiple Copies

l Randomly Fragment

l Subclone Fragments

U A~AU AU ~U~U U
U U U U U VU
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Shotgun Sequencing Strategy

BAC

Poisson Calculations

The sequencing strategy for the shotgun approach follows the

Lander and Waterman application of the Poisson distribution

The probability a base is not sequenced is given by:
—n-C
Po—e
Where:
¢ = fold sequence coverage (¢c=LN/G),
LN = # bases sequenced, i.e; L = average sequencing
read length and N = # reads
G = target sequence length
e=2.718 (e=2.718281828459

0.37 63%
0.135 : 87.5%
0.05 95%
0.018 .8 98.2%
0.0067 .6 99.4%
0.0025 4 99.75%
0.0009 . 99.91%
0.0003 H 99.97
0.0001 . 99.99%
0.000045  0.005% 99.995%

= OWOONO G A WN=
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(a) Sequence reads
Read 1 CACATACACATGG
Read 2 TCAATGGGGCTAA

Read 3 AGCACGGACTTGTCACATACACATG
Read 4 ACACATGGAAATA

Read 5 GGGCTAATGATTGTCAC
Read6 TGATTGTCACATA
Read7 ATTCATGAAGCACGGA

Read 8 GTCACATACACATGATCAATGGGG

lUse computer to assemble sequence reads

(b) 7 ATTCATGAAGCACGGA
3/AGCACGGACTTGTCACATACACATG
8 GTCACATACACATGATCAATGGGG
2 TCAATGGGGCTAA
5 GGGCTAATGATTGTCAC
6 TGATTGTCACATA
1 CACATACACATGG
4 ACACATGGAAATA
lAssembled sequence
(() ATTCATGAAGCACGGACTTGTCACATACACATGATCAATGGGGCTAATGATTGTCACATACACATGGAAATA
Shotgun Sequencing Strategy
BAC
v 13 H th]
Working Draft
“Finishing” — —_— — — Sequence
v ..
Finished
Sequence
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Historically Significant
Genome Sequencing Projects

First Eukaryotic Genome Sequence

Goffeau et al. (1997)
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Science

C. elegands

Sequence to Biology

Genome Sequence of the Nematode C. elegans:

First Animal Genome Sequence

A Platform for Investigating Biology

The C. elegans Sequencing Consortium*

C. elegans Sequencing Consortium (1998)

24 March 2000

' CZE@IIH@Z@

VoL 287 * (No. 5461
Pages 210542364 S8

A Drosophlla .Q
Génome o

A AU AGEMKS OCRTION TOR T \mmmm‘rm SCIENCe

Second Animal Genome Sequence

— THE DROSOPHILA GENOME
REVIEW

The Genome Sequence of Drosophila melanogaster
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Robert G. Blaze]” Mark Champe,” Barret D, Pfeiffer,’ Kenneth H. Wan,’ Clare Doyle, Evan G. Baxter,”
Grogg Helt* Catherine R. Nelson,* George L Gabor Miklos,” Josep . AbriL* Anna Agbayani, Hul-in An,'
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Karen A. Ketchum, Bruce E. Kimmel,* Chinnappa . Kodira,’ Cheryl Kraft," Saul Kravitz," David Kulp.*
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Clone-Based Shotgun Sequencing

r r—

AGTTCGTAACCTA| 7GGCAATTGTAGA| CGATCGATGA(
CONSIrUCt | ATTGGACTTCGGA! TAACCTGCATGCT| CAGCTAGCGTGAT
clone map | COATCOATGACTS) TGATCGATGTACT| ATGCTGACTGTAG
and select CTTGATCGATGTA| GGATCTTACAAGT| ATAACCTGCCTTG
ACTGGGATCCTAC| GGATTAAAAACCA)

CGAGCGTTGCCAG
mapped TCGCGTATAGCCC| AACGTTAGATCOA| ATOGATGTACTGS
clones ARTCGATATCGAT| TAGCACATCGCGT| ATCTTACAAGTAA

ATACAGCTTCTAT| ATAGCCCGTAGAT|

CGTTAGATCGATA
TAGATCGATGAAT| CGTGTATCGATAT]
e VTR T T )

GCACATCGCGTAT

vy o

Generate
several
thousand
sequence
reads per
clone

Assemble

Whole-Genome Shotgun Sequencing

Generate tens of millions
of sequence reads

Assemble

The Genomic Landscape: circa 2010
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February, 2001 Draft Sequence

 16kebruary 200
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International Human Genome Venter et al. (2001)
Sequencing Consortium (2001)

April, 2003 Completion
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The Genomic Landscape: circa 2010
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October, 2004 Publication

articles

Finishing the euchromatic sequence of
the human genome

ot natons Human Genome Sequencing Consortvm”
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ched in 1950

Evolutionary history
in genome sequences

General relativity
Did the orbit move for you?

The human genome
Going the last mile

Antibiotics crisis
Market forces fail to deliver

Medical ethics
Choosing deafness

resatsof 3 mubyesr o by the IHGSC

T e e G308 M ANy Qo

International Human Genome
Sequencing Consortium (2004)

Dedicated scientists are working hard to close the gaps, fix the errors and finally complete the
human genome sequence. Elie Dolgin looks at how close they are.

Nature (2009)
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Genomic
Medicine
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The Path to Genomic Medicine

Realization of
Genomic Medicine

Genomic Medicine

Healthcare tailored to the individual
based on genomic information
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The Path to Genomic Medicine

Realization of»

HGP Genomic Medicine
/ “Fulfilling the Promise” ;
u
M i )
apping ~1990 to ~2000

the Human Genome

The Human
Genome Project

Sequencing
~1998 to ~2003
the Human Genome
J
Interpreting Beyond
the Human Genome ~2003 to ?2?2? The Human

Genome Project
Sequence
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~3,000 bp (0.0001%) of Human Genome Sequence

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC

AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGA IGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGC AAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGT ATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG

GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT

The Human Genome... by the Numbers

~5% of Human Genome Sequence is Constrained
Across Mammals (and Presumed Functional)

5% of 3B Bases = ~150M Bases
Do NOT Yet Know the Position of these ~150M Functional Bases
Lower Bound for the Amount that is Functional
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~3,000 bp (0.0001%) of Human Genome Sequence

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA
CGCGAAGGAGGGTCTAGGAAGCTCTCCGGGGAGCCGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGAGGCTGGGAGTC

AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGA IGCTGGCGGGGGTGCGTAGTGGGTGGA
GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGC AAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGT ATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG

GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAAAAGGCCAGCGT
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGAGGGCGTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTTGGAGACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGAAAAGTTAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT

Coding Sequences (i.e., Genes)

B _UNR NR B
B

Second Letter

E " mFc - mF cu
T TCcT TAT TGT T
. T1c}Pre || 1cc - e} | racors |[&
TI'A}Leu TCA TAA Stop || TGA stop [|A
TG TCcG TAG Stop || TGG T [lG
cTT ceT CAT Jris caT T
cTC cce CAC cGC c
€]l cTa }"""‘ CCA}Pm CMA] Gin CGA}Arg A
5| || cte cca CAG CGG 6|3
B d
bt ~
2 ATT ACT AAT AGT T2
R |y ATC}ue ACC {1 mc)Asn || agc)ser flc|g
ATA ACA (TOF AAA} N AGA} arg ||A
ATG Met || ACG AAG AGG G
GTT GCT GAT} s Il GST T
all 6TC Lyar [ GCC L aa || GACIASP fl GaC (o fiC
GTA (Y@ | aea (A2 GAA} a || Gea (Y |[a
GTG GCG. GAG GGG G

The Genetic Code
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The Human Genome... by the Numbers

~5% of Human Genome Sequence is Constrained
Across Mammals (and Presumed Functional)

5% of 3B Bases = ~150M Bases
Do NOT Yet Know the Position of these ~150M Functional Bases
Lower Bound for the Amount that is Functional

~1.5% Encodes for Protein (Genes)

Corresponds to ~18-22K Genes
Many More than ~22K Different Proteins
Good Inventory at Present

~3,000 bp (0.0001%) of Human Genome Sequence

TGCCGCGGAACTTTTCGGCTCTCTAAGGCTGTATTTTGATATACGAAAGGCACATTTTCCTTCCCTTTTCAAAATGCACCTTGCAAACGTAACAG
GAACCCGACTAGGATCATCGGGAAAAGGAGGAGGAGGAGGAAGGCAGGCTCCGGGGAAGCTGGTGGCAGCGGGTCCTGGGTCTGGCGGACCCTGA

CGCGAAGGA TCTAGGAAGCTCTCC CGGTTCTCCCGCCGGTGGCTTCTTCTGTCCTCCAGCGTTGCCAACTGGACCTAAAGAGAGG
CCGCGACTGTCGCCCACCTGCGGGATGGGCCTGGTGCTGGGCGGTAAGGACACGGACCTGGAAGGAGCGCGCGCGAGGGAGGGA TGGGAGTC
AGAATCGGGAAAGGGAGGTGCGGGGCGGCGAGGGAGCGAAGGAGGAGAGGAGGAAGGA TGCTGGCGGGGGTGCGTAGTGGGTGGA

GAAAGCCGCTAGAGCAAATTTGGGGCCGGACCAGGCAGCACTCGGCTTTTAACCTGGGCAGTGAAGGCGGGGCGAAAGAGCAAAAGGAAGGGGTGG
TGTGCGGAGTAGGGGTGGGTGGGGGGAATTGGAAGCAAATGACATCACAGCAGGTCAGAGAAAAAGGGTTGAGCGGCAGGCACCCAGAGTAGTAG
GTCTTTGGCATTAGGAGCTTGAGCCCAGACGGCCCTAGCAGGGACCCCAGCGCCCGAGAGACCATGCAGAGGTCGCCTCTGGAARAGGCCAGCGT
TGTCTCCAAACTTTTTTTCAGGTGAGAAGGTGGCCAACCGAGCTTCGGAAAGACACGTGCCCACGAAAGAGGA GTGTGTATGGGTTGGGTT
TGGGGTAAAGGAATAAGCAGTTTTTAAAAAGATGCGCTATCATTCATTGTTTTGAAAGAAAATGTGGGTATTGTAGAATAAAACAGAAAGCATTA
AGAAGAGATGGAAGAATGAACTGAAGCTGATTGAATAGAGAGCCACATCTACTTGCAACTGAAAAGTTAGAATCTCAAGACTCAAGTACGCTACT
ATGCACTTGTTTTATTTCATTTTTCTAAGAAACTAAAAATACTTGTTAATAAGTACCTAAGTATGGTTTATTGGTTTTCCCCCTTCATGCCTTGG
ACACTTGATTGTCTTCTTGGCACATACAGGTGCCATGCCTGCATATAGTAAGTGCTCAGAAAACATTTCTTGACTGAATTCAGCCAACAAAAATT
TTGGGGTAGGTAGAAAATATATGCTTAAAGTATTTATTGTTATGAGACTGGATATATCTAGTATTTGTCACAGGTAAATGATTCTTCAAAAATTG
AAAGCAAATTTGTTGAAATATTTATTTTGAAAAAAGTTACTTCACAAGCTATAAATTTTAAAAGCCATAGGAATAGATACCGAAGTTATATCCAA
CTGACATTTAATAAATTGTATTCATAGCCTAATGTGATGAGCCACAGAAGCTTGCAAACTTTAATGAGATTTTTTAAAATAGCATCTAAGTTCGG
AATCTTAGGCAAAGTGTTGTTAGATGTAGCACTTCATATTTGAAGTGTTCTTTGGATATTGCATCTACTTTGTTCCTGTTATTATACTGGTGTGA
ATGAATGAATAGGTACTGCTCTCTCTTGGGACATTACTTGACACATAATTACCCAATGAATAAGCATACTGAGGTATCAAAAAAGTCAAATATGT
TATAAATAGCTCATATATGTGTGTAGGGGGGAAGGAATTTAGCTTTCACATCTCTCTTATGTTTAGTTCTCTGCATGTGCAGTTAATCCTGGAAC
TCCGGTGCTAAGGAGAGACTGTTGGCCCTTGAAGGAGAGCTCCTCCCTGTGGATGAGAGAGAAGGACTTTACTCTTTGGAATTATCTTTTTGTGT
TGATGTTATCCACCTTTTGTTACTCCACCTATAAAATCGGCTTATCTATTGATCTGTTTTCCTAGTCCTTATAAAGTCAAAATGTTAATTGGCAT
AAATTATAGACTTTTTTTAGCAGAGAACTTTGAGGAACCTAAATGCCAACCAGTCTAAAAATGCAGTTTTCAGAAGAATGAATATTTCATGGATA
GTTCTAAATACTAATGAACTTTAAAATAGCTTACTATTGATCTGTCAAAGTGGGTTTTTATATAATTTTCTTTTTACAAATCACCTGACACATTT
AATATAGGTTAAAAAATGCTATCAGGCTGGTTTGCAAAGAAAATGTATTACAAAGGCTGCTAAGTGTGTTAAGAGCATACTCATTTCTGTTCTCC
AAAATATTTCATAAGGTGCTTTAAGAATAGGTATGTTTTTAAAAGTTAAGTTCCTACTATTTATAGGAACTGACAATCACCTAAAATACCAATGA
TTACAAACTTCCTTCTGGCCTTCTGGACTGCAATTCTAAAAGTGTAAAAAACATATTTTCTGCATTAAGTTAGGCAGTATTGCTTAGTTTTCAAA
GTGGTAGGCTTTGGAGTCAGATTATTTTGATTCAGATCCTACATCTACTGTTTAGTAGCTCTGTTGCCTGAGGCAGGTCCCTTAACATCTCTGTG
TGTGACTTGACCTTTAAAATTT GACTGTCATAGGGGTTAATCCCTTGAGAAAATGAATGTGARAAGTTAGCCTAATGTTAACTGCTATTATT
ATGGATTACCATATTTTCACATTCATCACAGTACATGCACCTTGTTAATATAAGATGCTCAATTCATCTTTGAGTATAATTTTGTGACTCTCAAT
CTGGATATGCAATGAGTGGGCCTGTATGAGAATTTAATTTATGAAAAATTGTGTTTCACATGGCCTTACCAGATATACAGGAAACACGTCACATG
TTTCTATTGTATGTTGTTAAATGCCTTAGAATTTAACTTTCTGAATAGGATCCCTTCAGTTTGAGAGTCATAAAAGAGTAAAATTATTATGGTAT

Page 24



Eric D. Green, M.D., Ph.D. The Genomic Landscape: circa 2010

Non-Coding Functional Sequences

/e 2 Regulation

G=_

+
%EEE .
+ Gene
Orpf—O—
- &

Chromosome Chromosome Chromosome Non-Coding
Packaging Segregation Replication RNAs

The Human Genome... by the Numbers

~5% of Human Genome Sequence is Constrained
Across Mammals (and Presumed Functional)
5% of 3B Bases = ~150M Bases

Do NOT Yet Know the Position of these ~150M Functional Bases
Lower Bound for the Amount that is Functional

~1.5% Encodes for Protein (Genes)
Corresponds to ~18-22K Genes
Many More than ~22K Different Proteins
Good Inventory at Present

~3.5% Functional But Non-Coding
Gene Regulatory Elements
Chromosomal Functional Elements
Undiscovered Functional Elements (NOT Yet in Textbooks!)
Poor Inventory at Present
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The Genomic Landscape: circa 2010

Darwin

1859

Foundational Milestones in Genetics & Genomics

Miescher

Avery Watson
& Crick
1944 1953

Charles Darwin
Born February 12, 1809
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DOES COMPLEX|
A CHOKE ON EV!
CHANGE?

DARWIN A DARWIN

® Darwinia ® Seeingn
© Mammo ® Raceanc @ The drivers of spec
® Evolutior © Pigeons , ® Success in Brazil an

Now Op:
No baries t acce

"It is not the strongest of the species that
survives, nor the most intelligent that
survives. It is the one that is the most

adaptable to change."
(Attributed to Darwin)

Charles Darwin (1809-1882)

“For the last three and a half billion years,
evolution has been taking notes.”
=Eric Lander
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Inter-Species Sequence Comparisons

Comparative Sequence Analysis

Using the ‘Experiments of Evolution’

Species A

to Decode the Human Genome

GATCGTCTAGAATCTCGAGATC
TCTGAGAGTCGTGGGAAACTGT
GTGATGTGACTAGCCACAGTTA
CGTETCACAGATETATEATGCA
CCTGACCCGGGTTTCACTCTCA
ACGACTCACTCCACCTCAGAGG
CCCACCGCCGCTGTGCACGTCC
ACCACGATCCTTACCACACTTA
CACATCACTCTCAACGACTCAC
TCCACCTCAGAGGCCCACCGCC
GCTGTGCACGTCCACCACGATC
CTTACCACACTTACACATTACC
ATATATCCACCTACCACACATA
CCTTACCATATATCCACCTACC
ACACATACCTACCCCATTGCAC
ACCTATTATTATTACCGAGGGA
GAGGGGTGACCACACTGTGACA

Species B

GATCGTCTAGAATCTCGAGATC TATCGGCTAGAATCTCGAGATC
TCTGAGAGTCGTGGGAAACTGT TCTGAGAGTCGTGGGAAACTGT
GTGATGTGACGATTTAGCCACA GTGATGTGACTAGCCACAGTTA
GTTACGTGTGAGAGATGTATGA CGTGTGAGAGATGTATGATGCA
TGCACCTGACCCGGGTTTCACT CCTGACCCGGGTTTCACTCTCA
CTCARCGACTCACTCCACCTCA ACGACTCACTCCACCTCAGAGG
GGAGGCCCACCGCCGCTGTGCAC C om p are CCCCACCGCCGCTGTGCACGTCC
TACCGAGATACACGATACCTAC ACCACGATCCTTACCACACTTA
ACAGGTGTGACACACCCCTACC CACATCACTCTCAACGACTCAC
CGTCCACCACACGACTCACTCC TCCACCTCAGAGGCCCACCGCC
ACCTCAGAGGCCCACCGCCGCT GCTGTGCACGTCCACCACGATC
GTGCACTACCGAGATACACGAT CTTACCACACTTACACATTACC
ACCTACACAGGTGTGACACACG ATATATCCACCTACCACACATA
ATCCTTACCACACTTACACATT CCTTACCATATATCCACCTACC
ACCATATATCCACCTACCACAC ACACATACCTACCCCATTGCAC
ATACCTACCCCATTGCACACCT ACCTATTATTATTACCGAGGGA
ATTATTATTACCGGGACCGAGE GAGGGGTGACCACACTGTGACA

el e R

Sequences in Common (i.e., ‘Conserved’ or ‘Constrained’)
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Vertebrate Genome Sequences

s o [T

Chimpanzee

Diverse Landscape of Genome Sequencing

Human
Mouse
Rat  ——m———,——————————
Pufferfish = = = e o o o o — — —— — — — — — —
Zebrafish = =—— =—— —— e —————————— — — —
Chicken ~ = = — e — — ————————— — — —
Chimpanzee = = = —— — — —— — ——_————————
Dog  —/—m—————————————————
Cw ——r/—————————————————————————
Xenopus @ —m—m—— e — e —— — ——————— —
Monodelphis == == =— =—— — — — ———————————
Macaque = = = = — ——— — ——————————
Platypus = = = = o — — —— ————————— —
Marmoset =—— = ———— ———— — ————— — — —
etC.... = e o e e e — — — — — — —

Page 29



Eric D. Green, M.D., Ph.D. The Genomic Landscape: circa 2010

More Species = More Power

A Model of the Statistical Power
of Comparative Genome Sequence Analysis

Sean R. Eddy

PLoS Biology (2005)
Y } -
oo ha
~ T 3 I
4 Species 26 Species
] |
50 bp 6 bp

‘Light Sampling’ of Many Mammalian Genomes

An initial strategy for the systematic identification of
functional elements in the human genome by
low- redundancy comparative sequencing

Elliott H. Margulies**, Jade Vinson'*, NISC Co ompar rative Seque g Program*s", Webb Mile v, David B. Jaffe!
Kerstin Lindblad-Toh?, Jean Chang?, Eric D. Gre ESLd JmeCMIIk and Michele Clamp**

PNAS (2005)
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The Genomic Landscape: circa 2010

22 Additional Mammalian Genome Sequences
(@ Low Redundancy)

Human
Chimp
Gorilla
Orang
RheMac
Tarsier
MouseLemur
Bushbaby
TreeShrew
Mouse
Rat
KangarooRat
GuineaPig
Squirrel
Rabbit

Cat
Dog
MicroBat

47‘

{ MegaBat

Hedgehog
Shrew

Elephant

Hyrax

Tenrec

Armadillo
Sloth

Opossum

Platypus

Chicken

g m—
Lizard

Frog
Tetraodon

T Fugu

Medaka

ZebraFish

Lamprey

Diverse Landscape of Genome Sequencing

Human

Mouse

Armadillo
Elephant
Tenrec
Rabbit

Cat

Shrew
Guinea Pig
Hedgehog
(and others...)

Rat et | —— f—— | o—— —— —— f— — ——
Pufferfish = [+ ||+ T+ +H +H FH H= A
Zebrafish =t ||| | T T4 M 1 FE
Chicken = ||+ |+F| | +H 1 = H FH
Chimpanzee = |= ||| T T ™ 1 1
Dog et | —— f—— | o—— —— —— f— — ——
COW et | —— f—— | o—— —— —— f— — ——

Xenopus = | T T T T T T T T

Monodelphis == (= | =TT T T ™1 1 M7 T

Macaque = [TT|TT|TT T T T I T T
Platypus = [ || T T T ™1 M T
Marmoset = [ |TT|TT| T T T 1 T T

etc... = | T T T T T T T T
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Multi-Species Sequence Comparisons

HUMAN

ENCODE Project

e ENCODE: ENCyclopedia Of DNA Elements

e Goal: Compile a Comprehensive Encyclopedia of
All Functional Elements in the Human Genome

e Initial Pilot Project: 1% of Human Genome

e Apply Multiple, Diverse Approaches to Study and
Analyze that 1% in a Consortium Fashion
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3§

S |
DECODING 3
THE BLUEPRINT -

The ENCODE pilot maps
human genome ful

ENCODE Special Issue

Conserved Coding and Non-Coding Sequences

Chromosome 88412 133535000 | 133540000 | 133545000 | 133550000 |
1 2 3 4 5 6 718 9 10 11 12

multiple I
conservation

dog | (mabislbe hmeo o meeed w0 i W s hseass it 0 B B (W baeed e o

mouse Ml | M o o et bt el i T T R
rat ol ek b 8] B b sl CTH T ™
chicken @ - i [ W y [ e | L (]
fugu W ] [ | b [ ] ] 1 bk
zebrafish g | R i ] o

1 1

Augment with ‘Functional Annotations’
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The Epigenetic Landscape

IT'Ie

The two main components|
of the epigenetic code

DNA methylation

Methyl marks added to certain
DNA bases repress gene activity.

Histone modification

A combination of different
molecules can attach to the “tails’
of proteins called histones. These
alter the activity of the DNA
wrapped around them,

Chromosome

ENCODE: Lots of Data and Data Types
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I ]
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Expanding ENCODE Portfolio

1 ENCODE

g

I

e
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The Genomics of Human Evolution

ANDREW SULLIVAN ON BLIND FAITH = LEO & JACK & MATT & MARTY
.

Atest for pandemic potential
Amillion DNA base pairs sequenced |I|l}|||l
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Genome |0K: A Proposal to Obtain
Whole-Genome Sequence for 10 000
Vertebrate Species

GenoMe | OK CoMMUNITY OF SCIENTISTS®

J. Heredity (2009)

Inter-Species Sequence Comparisons

o8

Intra-Species Sequence Comparisons

———

\\\\W

S — —— ——

AN
3

.
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All humans are ~99.7% identical at
the DNA sequence level, and yet...

all of us carry a significant number
of ‘glitches’ in our genomes.

:V. M Wil MM

e
>

)’

NAMAMANTNMANTT

—
=
<t
=)
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Genomic Architecture of Genetic Diseases

Rare, Simple, Monogenic, Common, Complex, Multigenic,
Mendelian... Non-Mendelian...

Human Disease Genes ldentified: 1981-2005

Human Genome
Project Begins

I
o

No. Genes

Year

Source: Online Mendelian Inheritance in Man
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27 October 2005 | www.nature.com/nature | $10 THE INTERNATIONAL WEEKLY JOURNAL OF SCIENCE

=

l=-"’

-~
-
e — —

" OPTOELECTRONICS
Germanium boost for
silicon chips
LAW OF THE JUNGLE
Don'task a chimpanzee

W forhelp |I'I|| | .l
I

| MENOF LETTERS u:ml."'
If Darwin and Einstein wwn i II“I

had e-mail...

THEHAPMAP arontions
PROJ ECT Biodefence boom 4

Chapter and verse on
human genetic variation

The First HapMap Success Story:
Age-Related Macular Degeneration

Complement Factor H Polymorphism in Age-Related Macular Degeneration

Robert J. Klein,' Carolme Zeiss.”" Emily Y. Chew " Jen-Yue Tsal * Richard S. Sackler Chad Haynes,'
Alice K. Henning,” John Paul SanGlovannl Shrlkant M. Mane SusanT Mayne,” Michael B. Bracken,”
Frederick L. Ferris.” Jurg Ott," Colin Barnstable.? Josephine Hoh'"
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Eric D. Green, M.D., Ph.D.
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Genetic Association within Intergenic Region

Common genetic variants on 5p14.1
associate with autism spectrum disorders

Kai Wang'*, Haitao Zhang'*#, Degiong Ma**, Maja Bucan’, Joseph T. Glessner', Brett S. Abrahams’,

Daria Salyakina’, Marcin Imielinski', Jonathan P. Bradfield', Patrick M. A. Sleiman', Cecilia E. Kim', Cuiping Hou',
Edward Frackelton', Rosetta Chiavacci', Nagahide Takahashi®, Takeshi Sakurai’, Eric Rappaport’,

Clara M. Lajonchere’, Jeffrey Munson®, Annette Estes®, Olena Korvatska®, Joseph Piven”, Lisa . Sonnenblick’,
Ana |. Alvarez Retuerto', Edward . Herman®, Hongmei Dong’, Ted Hutman®, Marian Sigman", Sally Ozonoff'",
Ami Klin'', Thomas Owley'?, John A. Sweeney'?, Camille W. Brune'?, Rita M. Cantor'*, Raphael Bernier®,

John R. Gilbert®, Michael L. Cuccaro’, William M. McMahon'*, Judith Miller'*, Matthew W. State'",

Thomas H. Wassink'?, Hilary Coon'?, Susan E. Levy®, Robert T. Schultz’, John I. Nurnberger Jr'°,

Jonathan L. Haines'”, James S. Sutcliffe'®, Edwin H. Cook'?, Nancy J. Minshew'”, Joseph D. Buxbaum™*’,
Geraldine Dawson®, Struan F. A. Grant'*, Daniel H. Geschwind®, Margaret A. Pericak-Vance’,

Gerard D. Schellenberg™ & Hakon Hakonarson'*

Nature (2009)
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Human Genome Sequence

>$1,000,000,000 &-....°
l A
!
!

~$1,000
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The Path to Genomic Medicine

Interpreting Implicating
the Human Genetic Variants
Genome Sequence with Human Disease

nature
La* b othes
e
s i,

$96022044200088 85002008

Realization of
Genomic Medicine

o Individual genomes
from Africa and China

© Acute myeloid
leukaemia genome

® Designer nucleases
for gene therapy

_ e Tracing gene flow

across Europe

Instructions for the personal genome age

s I
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Individual Genome Sequences

The Diploid Genome Sequence Accurate whole human genome
of an Individual Human sequencing using reversible terminator

Samuel Levy'’, Granger Sutton’, Pauline C. Ng', Lars Feuk”, Aaron L. Halpern', Brian P. Walenz', Nelson Axelrod’, H

St e Kk, Gty Do Youn U ey . G’ Ay o Ch oo’ chemistry

Mary Shago®, Timothy B. Stockwell', Alexia Tsiamouri', Vineet Bafna®, Vikas Bansal’, Saul A. Kravitz', Dana A. Busam',

Karen Y. Beeson', Tina C. McIntosh’, Karin A. Remington’, Josep F. Abril®, John Gill', Jon Borman', Yu-Hui Rogers’, A list of authors and their affiliations appears at the end of the paper

Marvin E. Frazier', Stephen W. Scherer”, Robert L. Strausberg’, J. Craig Venter"

PLoS Biol (2007) Nature (2008)

The diploid genome sequence of an Asian
individual

Jun Wang'***, Wei Wang'**, Ruigiang Li"***, Yingrui Li'"***, Geng Tian'", Laurie Goodman', Wei Fan',
Junging Zhang', Jun Li', Juanbin Zhang', Yiran Guo'*, Binxiao Feng', Heng Li"*, Yao Lu', Xiaodong Fang',
Huiging Liang', Zhenglin Du', Dong Li", Yiging Zhao'", Yujie Hu'”, Zhenzhen Yang', Hancheng Zheng',

Ines Hellmann’, Michael Inouye", John Poof’, Xin Yi'”, Jing Zhao!, Jinjie Duan', Yan Zhou', Junjie Qin'", Lijia Ma
Guoqing Li', Zhentao Yang', Guojie Zhang'”, Bin Yang', Chang Yu', Fang Liang'”, Wenjie Li', Shaochuan Li',
Daweili', Peixiang Ni', Jue Ruan'", Qibin Li'”, Hongmei Zhu', Dongyuan Liu', Zhike Lu’, Ning Li"*, Guangwu Guo
Jianguo Zhang', Jia Ye', Lin Fang, Qin Hao'”, Quan Chen', Yu Liang"”, Yeyang Su'”, A. san'", Cuo Ping
Shuang Yang', Fang Chen'”, Li Li', Ke Zhou!, Hongkun Zheng'*, Yuanyuan Ren', Ling Yang', Yang Gao

The complete genome of an individual by massively Guohua Yang', Zhuo LI, Xiaol Feng', Karsten Kristiansen', Gane Ka-Shu Wong'*, Rasmus Nielsen
o Richard Durbin®, Lars Bolund' Xiuging Zhang'*, Songgang Li'**, Huanming Yang' ' & Jian Wang'
parallel DNA sequencing

Oavid A Wheeer', Mathveyan Srinvasan’, Michae Egholn’, Yofeng Shen', Ll Chen’ Ay McGuie Nature (2008)
‘Wen He’, Yi-Ju Chen’, Vinod Makhijani’, G. Thomas Roth’, Xavier Gomes’, Karrie Tartaro’#, Faheem Niazi

Cynthia L. Turcotte’, Gerard P. Irzyk’, James R. Lupski**, Craig Chinault, Xing-zhi Song’, Yue Liu', Ye Yuan'

Lynne Nazareth', Xiang Qin', Donna M. Muzny', Marcel Margulies’, George M. Weinstock'*, Richard A. Gibbs'

& Jonathan M. Rothberg’+

A highly annotated whole-genome sequence of a
Nature (2008)  Korean individual

Jong-IIKim'****, Young Seok Ju'**, Hansoo Park'*, Sheehyun Kim", Seonwook Lee", Jae-Hyuk Yi', Joann Mudge
Neil A. Miller”, Dongwan Hong', Callum J. Bell’, Hye-Sun Kim", In-Soon Chung', Woo-Chung Lee’, Ji-Sun Lee',
Seung-Hyun Seo’, Ji-Young Yun’, Hyun Nyun Woo', Heewook Lee', Dongwhan Suh'*, Seungbok Lee
Hyun-Jin Kim'~, Maryam Yavartanoo~, Minhye Kwak ', Ying Zheng', Mi Kyeong Lee’, Hyunjun Park

Jeong Yeon Kim', Omer Gokcumen’, Ryan E. Mills’, Alexander Wait Zaranek’, Joseph Thakuria®, Xiaodi Wu',
Ryan W. Kim", Jim J. Huntley”, Shujun Luo, Gary P. Schroth’, Thomas D. Wu'*, HyeRan Kim', Kap-Seok Yang’,
Woong-Yang Park'~, Hyungtae Kim", George M. Church’, Charles Lee’, Stephen F. Kingsmore'

& Jeong-Sun Seo

Nature (2009)

L/ 1000 Genomes - Home &
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A Deep Catalog of Human Genetic Variation
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1000 GENOMES PROJECT DATA RELEASE

SNP data downloads and genome browser representing four high coverage
individuals

The first set of SNP calls representing the preliminary analysis of four genome sequenc available
to download through the EBI FTP site and the NCBI FTP site. The README file dealing with the FTP structure
will help you find the data you are looking for.

The data can also be viewed directly through the 1000 Genomes browser at hitp:/fbrowser.10C
Launch the browser and view a sample region here.

More information aboutthe data release can be found in the data section of this web
Download the 1000 Genomes Browser Quick Start Guide

Quick start (pdf)

1000genomes.org
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Tue CANCER GENOME ATLA

aboutTcGA | program components | policies

| Mission and Goal | TCGA Data Portal
The Cancer Genome Atlas (TCGA) is a
comprehensive and coordinated effort to
accelerate our understanding of the molecular £/
basis of cancer through the application of genome Jele:
analysis technologies, including large-scale ,"]',\Jelwyf SHlelEEs)

genome sequencing. and miRNAs selected by
the

TCGA Data Portal

Learn more >>

TCGA network fol
equencing
| News from the Pilot Project NEW Data Available* Vie
" Molecular Characterization
NEW*TCGA Network Identifies More Than 6,000 Data for
Largets for Sequencing Ovarian Cancer
The Cancer Genome Atlas (TCGA) network has | TCGA:How Will It Work?

genes and microRNAs (miRNAs). While not
exhaustive, this list represents genes and

selected more than 6,000 gene and miRNA targets -ﬁ'-'\ | E
for sequencing that represent both protein-coding ¥ « . :
BNLN
Click

lick here for more information

cancergenome.nih.gov

nihroadmap.nih.gov/hmp
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All of these work.

Just not for everyone.

Targeting today’s drugs.
Discovering tomorrow's

PERLEGEN

e
o e e,

Realities of New DNA Sequencing Technologies...
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Changing Infrastructure Requirements

DNA Sequence Bioinformatic
Production Analysis

=may e

The Computational Bottleneck
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The Genomic Era: circa 2010
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The Genomic Revolution Continues

‘The Top 10 Medical Advances of the Decade-‘

By PEGGY PECK and LAUREN COX SNews
ABC in Collabor atie "age Today 6 comments

Dec. 17,2009

The first decade of the 21st century brought a number of discoveries, mistakes and medical
advances that influenced medicine from the patient's bedside to the medicine cabinet

In some cases, these advances changed
deeply rooted beliefs in medicine. In others,
they opened up possibiities beyond what
doctors thought was possidle years ago

ABC News, in collaboration with MedPage
Today, reached out to more than 800
specialists for their suggestions. More than
125 experts in various fields and specialties
responded. Their suggestions were then
sent to the American Association for the
History of Medicine, which narrowed the
pool down to an authoritative list of 10
medical advances this decade that have
had the most impact

Dr. John Suiston, Director of the Sanger Centre near
Cambridge takes part i the Human Genome Project.
(o NewReuters)

1. Human Genome Discoveries Reach the Bedside

In 2000, scientists in California released 2 rough draft of the human genome to the public on the
Intemet. For the first time, the world could downicad and read the complete set of human genetic
information and begin to discover what our roughly 23,000 genes do

Mapping the human genome was a race involving time and money in the 1990s, with two
competitors at the lead — the govemment-funded Human Genome Project, which completed its
task in 15 years using more than $3 billion in taxpayer money, and a private company, Celera
Genomics, which used $100 million and took less than a decade.

Both groups announced drafts of the human genome at a June 26, 2000 press conference with
then president Bill Clinton and former British Prime Minister Tony Blair.
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